Among animals, conflicts are resolved through agonistic behavior, an expression of which embraces a range of fleeing behaviors, displays, up to the extreme of physical combat. This study aims to establish an observation protocol and to describe the aggressive acts of Aegla longirostri. Aeglids were collected in the field and kept for one week of acclimation in individual fishbowls with no contact with other animals. A total of ten pairs of males were paired, the members of each pair differing by no more than 1 mm in cephalothorax length. The behavioral acts were described from the combats videotaped for 20 minutes with each pair, of which 16 were considered aggressive acts. The animals took an average of 198 seconds to start combat. A table of aggression intensity was established, ranging from 22 (fleeing) to 5 (intense combat). There was a significant difference between winners and losers in the time spent in the different levels of intensity and in the duration of the acts performed. Aegla longirostri showed very intense aggression with defined aggressive acts and continued to engage in agonistic behavior for the entire duration that was recorded. This is the first report of aggressive behavior in aeglids, it will be possible to carry out more profound studies on the behavior of these animals.
INTRODUCTION
Agonistic interactions are intraspecific aggressive encounters, distinct from the aggression between predator and prey or non-social interactions (Moore, 2007) . Agonistic interaction comprises a spectrum of behavior ranging from fleeing to the extreme of a physical combat that may result in damage to or death of the fighters (Maynard Smith, 1974; Williams et al., 2006) . Success in agonistic interactions may occur due to the physical attributes of an organism and also the animal's past experience. A combination of factors usually determines an individual's capacity to fight and its dynamics during the combats (Zulandt Schneider et al., 2001) . A high social status obtained through some advantages (size and/or previous experience) increases the animal's probability of being able to fight for resources such as food, shelter, and mates, while limiting the success of subordinates (Maynard Smith and Prince, 1973; Chase et al., 1994) . In this context, agonistic behavior is a fundamental aspect of ecological theory, in acquiring resources and in sexual selection, and is an important aspect of the behavior and ecology of crustaceans (Bergman and Moore, 2005) , including establishment of hierarchies, which from an ecological point of view, the formation of hierarchies seems to be a way to avoid serious damage caused by aggressive combat among conspecifics (Ahvenharju and Ruohonen, 2007) .
Aeglids, the only freshwater anomurans, are restricted to the Neotropical region of South America (Bond-Buckup et al., 2008) . Aeglidae have a marine origin, based on the fossil records described by Feldmann (1984) and Feldmann et al. (1998) . The continental invasion occurred about 75 million years ago, through marine transgressions at the end of the Cretaceous (Pérez-Losada et al., 2004) . Since then the group has diversified, and nowadays 66 species of Aeglidae are known (Santos et al., 2009) , some of which are highly threatened by environmental degradation (Pérez-Losada et al., 2002; Bond-Buckup et al., 2003) .
In this context, knowledge about agonistic behavior of this group of crustaceans will make it possible to relate it with the extensive known literature about other crustaceans and hopefully we will be able to discover important ecological and evolutionary patterns related to that behavior. Although there is a vast literature about other crustaceans this is the first study about this theme using freshwater anomurans.
The aim of this study is to establish a protocol to observe aeglid behavioral acts in the laboratory, and to use this protocol to describe the agonistic behavior of Aegla longirostri Bond- Buckup and Buckup, 1994 .
MATERIAL AND METHODS

Collection and Maintenance in Laboratory
All individuals of A. longirostri used in this study were collected in a tributary of the Vacacaí-Mirim River, in Santa Maria (29u409130S; 53u459440W), Brazil using traps, hand collecting, and a fishing net. JOURNAL OF CRUSTACEAN BIOLOGY, 31(3): 379-388, 2011 Intermolt males were acclimated under temperature (17.75 6 1.93uC) and photoperiod (12L:12D) controlled for one week in individual fishbowls (15 3 10.5 3 10 cm) with no physical, chemical, or visual contact with other aeglids, to minimize any effect of previous social experience (Guiasu and Dunham, 1997; Karavanich and Atema, 1998; Zulandt Schneider et al., 2001) . During this period the animals were kept under constant aeration and fed with fish fillets every 48 hours, with the last feeding 48 hours prior to the experiments.
It has been reported of some species that a higher period of isolation is necessary [the crayfisfh Cherax destructor Clark, 1936, which needs two weeks for eliminate its memory of previous confrontation (Hemsworth et al., 2007) ; the hermit crab Pagurus longicarpus Say, 1817 a period of only four days is the limit time to remember a conspecific (Gherardi and Atema, 2005) ]. Making use of reports in other species as Cambarus spp. (Guiasu and Dunham, 1997) , Homarus americanus Milne-Edwards, 1837 (Karavanich and Atema, 1998) , and Orconectes rusticus (Girard, 1852) (Zulandt Schneider et al., 2001) , we chose to stipulate one week of isolation.
Each adult male (cephalothorax length $ 13.7 mm according to Colpo et al., 2005) with intact appendages (antennae and pereiopods) was used only once. Measurements were taken using a digital vernier caliper (0.01 mm precision). After each experiment, the animals were isolated in their fishbowls for one week in order to verify their molt status. Animals that died and/or molted during this period were omitted from the analyses, since molting affects aggression (Thorpe et al., 1994; Atema and Voigt, 1995) , and new experiments were carried out. All the aeglids were fed after the experiments.
The experiments were carried out during the dark photophase, using red light bulbs (Turra and Denadai, 2003) , since aeglids are mainly nocturnal (Sokolowicz et al., 2007) . All animals were released into their original habitat after the experiments.
Behavioral Repertory
A total of ten pairs of male A. longirostri of about the same size, with a maximum variation of 1.0 mm in carapace length (minimum 5 14.27; maximum 5 20.84; mean 5 18.48 6 1.76 mm), were used in the experiments. We did not use a larger number of animals in order to avoid unnecessary damage, considering that with ten pairs the behaviors presented were clear.
After the acclimation period, the animals were transferred to an arena of 20 3 12 3 13 cm, chosen to maximize the animals' contact, without a substrate or aeration. Two opaque dividers separated the fishbowl into three compartments of equal dimensions. Inside the right and left compartments a pair of males was placed, after one of the individuals had been marked with non-toxic paint on the carapace and chelipeds. After 20 minutes, the separating walls were removed, and the aeglids were videotaped for the next 20 minutes with a camcorder (Sony Handycan DCR-DVD 108), elevated centrally, 26 cm above the arena. Illumination was provided by four red incandescent light bulbs (40 W) 25 cm equidistant from the fishbowl, which was covered with parchment to reduce the light shining into the water; in addition, a white barrier was placed behind each light bulb to reflect the beam of light directed to the arena. All these measures were taken to improve the conditions for video recording, and also to prevent the animals from perceiving the presence of observer. The agonistic acts were described and their duration recorded. The ''initiator'' (Goessmann et al., 2000) , the male that first approached the opponent, was identified, as was the male that won the combat (see below).
Analyses
In order to qualify and quantify the actions, the 20 minutes of video recording were divided into 5-second intervals, comprising 240 intervals. During each interval we defined for each male an ''agonistic level'' from the description of the acts, and determined the aggression intensity of each act. On several occasions, more than one agonistic level was detected within a time interval (5 s), and, in accordance with Breithaupt and Eger (2002) a general level for the interval was defined based on the following rank: agonistic levels 5, 4, and 3 are higher (.) than levels 2, 1, 0, 21, and 22; 5 . 4 . 3 . 2 . 1; level 22 is higher than 21; and both 22 and 21 are higher than 2, 1, and 0. The overall agonistic level was calculated from the sum of each value of the intensity levels recorded for the 240 intervals, aiming to define which would be the likely winners of the combats. Animals with a higher overall value of aggression intensity were considered the winners, according to Karavanich and Atema (1998) , to whom a low agonistic value may indicate a crab that eventually lost a fight, while a very large agonistic value would imply a dominant animal.
To evaluate the duration of each act during the agonistic encounters, in each interval of 5 s the performance of only one action was included, although as mentioned previously the aeglids performed more than one act in each interval. The act that showed the highest intensity was adopted as the act performed in that interval. For standardization, when two actions with the same intensity value occurred, the act that involved a direct action of the animals was included; for instance, between fleeing (22) and being hold (22), the action of fleeing was recorded. Acts performed with antennae (whipping and touching) were not analyzed in relation to their duration, but in relation to the number of actions performed.
We also determined the duration of the first encounter. An encounter was considered as completed when one individual performed one of the following acts: walking away, fleeing, or tail flipping, all of which have negative intensity (21 and 22) ; or when the animals paused for more than 5 seconds during the combat.
In order to reduce observer errors, the same investigator analyzed all the data collected from the videos using consistent protocols in qualifying data. Each combat was observed at least twice. Similarly, in quantifying the data, each individual of a pair was observed at least twice.
All the statistical analyses were accomplished using BioEstat . The values of intensity between winners and losers were analyzed using x 2 (with Yates Correction) (P , 0.05). The time spent in each act, and the time spent in each stage of aggressive intensity were analyzed using the Mann-Whitney ''U'' test (P , 0.05).
RESULTS
Aegla longirostri showed an agonistic behavior that was strongly marked by the use of antennae and chelipeds. The combats were initiated by an approach, progressing from brief contacts with repeated movements of antennae during all recorded time to touching the carapace or the opponent's antennae, to the use of chelipeds to touch or hold the opponent. After these initial acts, on many occasions the individuals invested in a fight, going to the extreme of an intense combat in which they used all the structures of their bodies (antennae, pleon, chelipeds, and pereiopods) and in attempting to attack the other animal (Table 1) , or, in some situations, the animal walks away from the opponent. Besides the acts that are well known for other species of crustaceans, such as the use of chelipeds to hit and hold, the aeglids showed some acts in low frequency which are not usually reported as being a dominant attitude, such as: push, climb and/or turn the opponent (Fig. 1) .
In all trials, the agonistic encounters occurred each time that one animal approached, made physical contact, and this contact provoked a response in the opponent. The aeglids took about 198 seconds (minimum 5 25 and maximum 5 475, mean 6 standard error 5 192.5 6 46.3 s) to start the combats. In five of ten contests, the winner was the individual that started the combat.
Of the 26 kinds of behavioral acts described (Table 1 ) and quantified (Table 2) , 16 are classified as aggressive acts, and the remainder are related to activities such as: remaining still (WD1 and WD2), walking and climbing the arena; receiving stimuli from the opponent: being touched, pulled, or held (caught) with the chelipeds; being pushed/ moved by the opponent's body; and being turned and climbed on by the opponent.
For winners and losers, the most frequently observed acts were: keeping still, but with activity (31.75% of the time), keeping still and without activity (14.73%), walking (12.83%), fighting (9.52%), holding (5.63%), and hitting with chelipeds (4.23%) ( Table 2 ). The intensity values (Table 3) in eight of ten trials showed significant differences (P , 0.05) among the values for the sum of intensities obtained from combats between winners and losers (Fig. 2) . Acts with a negative score were those in which the animal avoided fighting, walked away (21) or fleeing (22), or when it was ''attacked'' by the opponent. Scores 0 and 1 were reserved for encounters in which there was no physical contact, with or without movement of an individual. A score of 2 refers to opponents approaching to initiate combat. Scores 3 to 5 indicate interaction with physical contact between opponents (Table 3 ). The most aggressive individuals were those of the smallest pair (Fig. 2) .
There was a statistically significant difference between the time spent by winners and losers with negative (21 and 22) and null (0) scores (Fig. 3) , where the losing animals performed these acts with more frequency than the winners. On the other hand, the winners spent significantly more time in activities such as walking and climbing the arena (score 1), approaching (2), and chasing, and/or use antennae, and/or hitting with chelipeds (3) than did the losers, with no significant difference in the highest levels of intensity (4 and 5) (Fig. 3) .
The most aggressive acts were performed by the winning individuals, even considering that at the beginning of fights, both animals showed a low intensity level of aggressiveness, which increased during the course of an experiment. At the end of the observation period (between 1020 and 1200 s), there was a clear separation between the level of aggressiveness of the winners and losers (Fig. 4) .
The mean time (6 standard deviation) of the first encounter was 28 6 32.59 s (minimum 510 and maximum 5 110). Individuals that won combats used their antennae more frequently than did the losers (x 2 5 97.53; P , 0.0001). The mean number (6 standard deviation) of contacts with antennae by winners was 37.8 6 26.2 (minimum 5 11 and maximum 5 95); whereas the mean number of contacts by losers was 25.6 6 20 (minimum 5 0 and maximum 5 56). Whipping with the antennae did not differ significantly between the groups, with a mean (6 SD) of 1.7 6 2.7 (minimum 5 0 and maximum 5 7) in winners and 4.1 6 7.6 (minimum 5 0 and maximum 5 24) in losers.
Significant differences in the frequency of aggressiveness of both winners and losers were observed in the following acts: walking away, approaching, hitting with chelipeds, walking, fleeing, chasing, with no movement from place to place (and no activity), and being touched by the opponent (Fig. 5) .
DISCUSSION
Animals facing a potential fight make a succession of decisions as the encounter progresses. First, they must decide whether to enter into overt fighting. This decision, in the first instance, will be taken by the initiating competitor in the form of a challenge or attack, but the non-initiator may be able to mediate the decision if it is possible to flee. Second, once the fight has been initiated, each contestant may have to decide whether to escalate the contest by employing increasingly intensive or dangerous activities. Third, one contestant will decide to end the contest by giving up. Thus, fights are resolved by a series of decisions that may differ between the two contestants (Briffa and Elwood, 2004) . Molenock (1976) observed in the porcellanid Petrolisthes that the first crab frequently started an interaction by ''approaching'' and ''slapping with antennae,'' because approaching was necessary to start the combat, and slapping with antennae could be done when the animals were at a distance of two body lengths. A similar pattern to the anomuran porcellanid was observed in A. longirostri, with combats initiated by approaching an opponent. The approach was then followed by different behaviors, such as walking away from the opponent, or both males investing in more aggressive contacts (with chelipeds), always with the use of antennae. On the other hand, Antonsen and Paul (1997) observed no consistent movements of the antennae at any time during agonistic interactions in the galatheid Munida quadrispina (Benedict, 1902) .
Freshwater crayfish frequently take part in fights for resources such as shelter and food, and factors that determine the result of these fights include size, sex, previous experience, and also which individual initiates the combat (Bovbjerg, 1956; Scrivener, 1971; Rubenstein and Hazlett, 1974; Guiasu and Dunham, 1997; Issa et al., 1999) , whereas hermit crabs usually fight over the possession of as adequate shell (Briffa and Elwood, 2004; Gherardi, 2006; Tricarico et al., 2008) . Hermit crabs interact in pairs in apparently agonistic encounters, at the end of which there may be an exchange of shells. During the encounter, the initiating crab or attacker hits its shell, in a series of bouts, against that of the non-initiator or defender (shell rapping). These bouts of rapping are interspersed with pauses, during which the initiator pulls at the chelipeds of the non-initiator and the latter may then evacuate its shell. These encounters are unusual in involving two resources and there is the possibility that both crabs could gain shells more suited for their size (Briffa et al., 1998; Briffa and Elwood, 2004) .
In the combats between aeglids, size, sex, previous experience were controlled, and the initiator factor apparently did not have any importance in deciding the winner, since the proportion of initiators that won and lost was the same. Ahvenharju and Ruohonen (2007) recorded for the freshwater crayfish Pacifastacus leniusculus (Dana, 1852) that the initiator won most of the encounters, even when there was no difference in size between opponents. Possibly in the case of aeglids, the approach behavior may not be a good indicator of the capacity of a male for supremacy; other factors, such as endogenous ones (hormone levels) may contribute to determining the outcome of combat.
The males of A. longirostri performed a variety of acts, many with exploratory characteristics (such as walking and climbing the arena), some defined as ''received by the animal,'' acts in response to the opponent's actions, while most of them were aggressive practices against the opponent. In marine anomurans, Molenock (1976) reported Pulling/pinching with chelipeds Consists of pressing and pulling quickly the cheliped (or the pereiopods) of the opponent. The animal tries to catch the opponent, but it cannot, during this act the antennae (generally) remain horizontal to the body. PO Being pulled with chelipeds When the animal is pulled by the opponent's chelipeds, which may pull on both the chelipeds and pereiopods. CQ Holding (catching) with chelipeds Consists of holding (catching) the opponent with chelipeds. Generally the part which is held is the chelipeds of the other animal or even the pereiopods and antennae, and sometimes the animals try to catch the opponent's cephalothorax. CO Being held (caught) with chelipeds When the animal is held by the opponent's chelipeds, which may hold chelipeds, pereiopods, antennae, and even the cephalothorax of the other animal. WhA Whipping with antennae This is a quick below with the antennae toward the back of the body, and the opponent is behind the performer of the act. TA Touch with antennae Consists in touching the opponent quickly with the antennae; the opponent being near the front of the animal, the touch occurs both on the body and the antennae of the opponent (commonly observed during combat). DB Pushing the opponent/displacing the body One animal tries to displace the other pushing it with its own body (abdomen or cheliped). DO Being pushed/ displaced by the opponent's body When the animal is moved by being pushed by the opponent; the pushing is performed with the chelipeds or even the abdomen. TOD Turning the opponent upside down During the combat an animal turns the opponent over, leaving it with the ventral part of the body up. BTO Being turned by the opponent When an animal is turned over by its opponent and remains with the ventral part of the body up. GO Going up the opponent An animal goes totally up over the opponent's body, even when one of them is climbing the arena. BCO Being ''climbed'' by the opponent When an animal is ''climbed'' by the opponent. Ch Chasing An animal chases (quickly approaching) the opponent, while the latter attempts to escape. Fl Fleeing The animal attempts to flee, walking or climbing the arena. The opponent approaches and the animal escaping moves rapidly in another direction. In this act, the animal keeps the antennae towards the front. One animal chases the other, which escapes, sometimes with subtle contacts (with chelipeds and/or antennae).
that the agonistic behavior observed in Petrolisthes spp. has a ''social bonding'' function and an exploring function, similar to what was observed for A. longirostri. Otherwise, Antonsen and Paul (1997) stated that individuals of M. quadrispina were rarely aggressive with con-specifics and that bigger individuals usually used its chelae closed to block competitors that are looking for food. According to Hazlett (1968) , the hermit crab Pagurus bernhardus (Linnaeus, 1758) uses its cheliped as a display (cheliped presentation, cheliped extension), although the majority of interactions consist only by changes in displays attitude and some interactions are solved without any displays or physical contact. Finally, in some encounters both chelipeds get in contact with considerable strength (pushing one animal back), one animal was hit by an unstereotyped striking movement of a cheliped or ambulatory leg, or one crab pushed rapidly into another and the latter ducked into its shells (Hazlett, 1968 In pairs, while an animal projects the cheliped towards the front, the opponent folds its cheliped, directing it down, attempting to avoid being caught by the other animal; or animals remain pushing chelipeds against chelipeds (both folded up), the cheliped remains folded down and is pushed towards the front. Also, an animal may open its chelipeds wide and attempt to hold the opponent, as if it were giving the other animal a hug, it opens its chelipeds rapidly and closes them on the opponent's chelipeds.
IC
Intense combat Animal with body elevated, antennae perpendicular to the body axis, in a horizontal plane. Set of acts involved in intense combat: intense use of chelipeds (hitting, passing, pinching, pulling, and holding with chelipeds), pereiopods, antennae (whipping/touching), climbing up on the opponent, tail flipping (to release itself during combat). Intense combat appears as an intricate ''dance'' in which both animals hold and hit (whip/touch) the antennae, they hold onto each other by the chelipeds, and the antennae remain either in a vertical position in relation to the animal's body, or horizontally to the body. At some moments both animals are almost standing (vertical position), very elevated during combat. A very intense combat, with one animal on top of the other, which is turned over, with the ventral part of the body up; the animals caught onto each other. Studying M. quadrispina, Antonsen and Paul (1997) observed that no consistent movements or actions preceded the onset of aggressive displays. The animals showed their bodies raised up from the substrate while the pleon stayed slightly flexed. The first behavior, which occurred while the animals were some distance apart, consisted of holding the claws in front, and, intermittently, shaking them horizontally and rapidly in what appeared to be a warning display. The second form of aggressive behavior, the raised-claws behavior, occurred when the animals were close or in contact. Grasping rarely and the aggressive behaviors ended when one animal retreated or clearly showed itself to be submissive, or when both lost interest. No animal at any other time was found consistently to be particularly aggressive or submissive. Pushing never became violent, and transitions between pushing and any aggressive behavior were rarely seen; an individual whose space was repeatably infringed upon usually moved away.
The patterns of aggressive acts described in this study are similar to those observed in other crustaceans, such as freshwater crayfishes, lobsters, galatheid and porcellanid crabs, which use their chelipeds to grab, attack, pull, and hold (because the well-developed chelipeds are important structures in the aggressive repertory of these animals); in addition to acts including avoiding combat, hitting with the pleon, fleeing, approaching, and chasing, and contacts using antennae, such as whipping and touching (Molenock, 1976; Pavey and Fielder, 1996; Antonsen and Paul, 1997; Karavanich and Atema, 1998; Tierney et al., 2000; Baeza et al., 2002) . There is also a record of a crab climbing onto its opponent (Sneddon et al., 1997) , as observed for A. longirostri.
Apparently the progression of fights between aeglids are more similar to those between crayfishes than with related anomurans like galatheids, pagurids, and porcellanids, since between the latter the confrontation are not so aggressive and so not show a clear escalade. Still according with Antonsen and Paul (1997) , the social structure of M. quadrispina populations differs substantially from that of crayfish: aggressive acts are rare and dominance hierarchies do not exist, whereas in populations of crayfish and American lobster, aggression and fights are common and Table 3 . Definition of levels of aggression intensity shown by males of Aegla longirostri.
Level Behavior Definition
22
Fleeing Walking rapidly, away from the opponent, tail flipping against opponent, being caught, pulled, pushed, turned over, and/or climbed by opponent.
21
Avoiding/Walking away Walking slowly away from the opponent, without physical touch, and/or being touched by opponent. 0 Separated without displacement (without physical touch) Animals remain not physically touching, without moving, and ignoring the opponent. 1 Separated with moving (without physical touch) Animals remain without physical touching, moving around the arena, with displacement or climbing the arena and ignoring the opponent. 2 Approaching (without physical contact) Animals approach each other slowly and remain face to face for a short time. 3
Physical contact (not using chelae to hold) Chasing, slapping, and whipping with antennae, touching and hitting with chelipeds. 4
Physical contact (chelae used to hold) Chelae used to pull, hold, and catch the opponent, displace the opponent with the body, turn, and go up on the opponent's body, fight. 5
Intense combat No restrictions to using chelae. used to establish dominance hierarchies (Scrivener, 1970; Bruski and Dunham, 1987; Huber and Kravitz, 1995; Bergman and Moore, 2003) . Aeglids and crayfishes share the feature of living in similar environments with correlated ecological matters whereas the other Anomura all live in marine environments, which have different selective pressures acting on them. The environmental factor, possibly more than phylogenetic relationship, acts on definition of aggressiveness between the animals. Although among animals of approximately similar size it is more difficult to establish a dominance hierarchy, in this study, using scores, dominance occurred in eight of ten trials analyzed, with significant differences. The use of these scores to define the intensity of combats is a customary and practical way to define the possible winners (Atema and Voigt, 1995; Karavanich and Atema, 1998) . Bergman and Moore (2003) mentioned that matching animals for size increases the likelihood of longer and more intense fights than those observed in the field, where combative pairs are usually of different sizes. In the study of Ahvenharju and Ruohonen (2007) , the duration of agonistic encounters had the tendency to be long when the difference in size was small. The authors also mentioned that in these cases the size of the animal is not a determining factor in establishing hierarchy, but with greater differences size has a larger function in determining hierarchic conditions.
Under experimental conditions, the first encounter of aeglids lasted in average 28 s. Bergman and Moore (2003) noted that confining may have some effect on the duration of fights in fishbowl, which are longer than combats observed in the natural environment. However, the values found for A. longirostri were not so high, when compared to crabs and freshwater crayfish that in the laboratory the duration may vary from an average of 11 to 452 s (Bruski and Dunham, 1987; Sneddon et al., 2000; Zulandt Schneider et al., 2001; Bergman et al., 2003) . Nevertheless, a final hierarchy was not completely established, with the animals continued to engage in agonistic behavior for the entire duration that was recorded, as was also observed for individuals of M. quadispina (Antonsen and Paul, 1997).
According to Goessmann et al. (2000) , an encounter between two freshwater crayfish or lobsters of similar size leads, in most cases, to agonistic interactions, which increase progressively in intensity until one of the opponents moves aside. Likewise, in a study of juveniles H. americanus, Huber and Kravitz (1995) demonstrated that fighting in juvenile lobsters proceeds according to strict rules of conduct, with an increase in intensity during confrontations. The typical scenario of an encounter begins with extensive threat displays upon first contact, continues with periods of ritualized aggression and restrained use of the claws, and terminates in a brief session of unrestrained combat. This pattern was observed in A. longirostri: their combats started at low intensity from the initial recognition and then escalated to higher intensities, and at the end of the period of observation a winner and a loser were generally evident.
In this study, the animals engaged in consecutive encounters, that is, several aggressive encounters occurring in sequence (Fig. 4) . Huber et al. (1997) related that after the recognition of dominance, crustaceans invest in few aggressive interactions and generally the subordinate flees. However, the experimental conditions added an extrinsic factor to the combats: the incapacity to escape from an opponent, due to the limits of the arena, which may cause Fig. 5 . Percentage of the time spent by winners and losers, males of Aegla longirostri, in each of the agonistic acts. The item ''Others'' refers to: BTO, DB, DO, FF, GO, PO, PQ, and TOD, which occurred in low frequency. *Represents a significant difference in the Mann-Whitney Test (P , 0.05). Refer to Table 1 for descriptions of the agonistic acts. Table 3 ). *Represents a significant difference in the MannWhitney Test (P , 0.05) (Calculation with overall values for each level of intensity). changes in duration, in evacuation behavior, and in the levels of intensity reached in fights (Peeke et al., 2000) . This extrinsic factor may have encouraged the aeglids to invest continuously in new encounters. It is possible that in the natural environment these encounters are not repeated so often between the same pair.
The benefits of fights are generally in acquiring resources, but as many animals fight even in the absence of any obvious resource, such as food or mates, an increase in the probability of winning may represent the resource itself (Hock and Huber, 2008) . This factor may motivate aeglids to fight even in the absence of any resource, as occurred in this study.
Although the encounters between aeglids are very intense, including acts which are not similar to those of other crustaceans, such as turning the opponent, facilitated probably by the animal's body shape (dorsoventrally flattened carapace), no appendages were lost during any combats. In species of Petrolisthes, no loss of appendices was observed either, although in this species the agonistic interactions involved gentle physical contact (Molenock, 1976) . This differs from observations by Baeza et al. (2002) who reported loss of appendices in Allopetrolisthes spinifrons (H. Milne Edwards, 1837). Slight damage such as the loss of pereiopods is common in nature, and does not seem to influence agonistic behavior (Pavey and Fielder, 1996) .
According to Bergman et al. (2005) , dominant animals do not flee or tail-flip when retreat from opponents, while subordinate freshwater crayfish consistently retreat and occasionally tail-flip, retreating from the dominant freshwater crayfish. In the present study, defeated animals performed significantly more acts with negative scores. They more frequently performed acts such as walking away, tail-flip, and fleeing. Defeated animals were also attacked by opponents (touched, held, turned, or climbed by the opponent), thus showing the characteristics of submissive animals. Furthermore, they were less active than the winners, which walked and attempted to climb the walls of arena, possibly as a strategy to exhibit dominance in the territory.
The winning aeglids performed more aggressive acts, such as approaching, chasing, and touching the opponent more frequently, in spite of the brief duration of these acts. At the levels of higher aggression, winners and losers engaged each other in the same way. During these phases it was common for the animals to hold each other, as well as in intense combat, each member of the pair dedicated to attempting to catch the opponent, turn it, or climb it; although both acts occur in low frequency, they are typical of A. longirostri.
Generally, aeglids remain with no displacement most of the time, but with some activity, that is, moving their antennules, maxillipeds, and pereiopods. Even with no movement to another place, during agonistic interactions they use their antennules, which are crustaceans' chemosensory organs (Rutherford et al., 1996; Smith and Dunham, 1996) . The antennules are involved in emitting a mechanical signal and in the reception of chemical signals during combats (Rutherford et al., 1996) . In addition to the antennules, forward projections are generated using jaws and nephropores as a means to send signals to the primary olfactory appendices (Rutherford et al., 1996; Breithaupt and Ayers, 1998; Bergman et al., 2003) .
The currents generated by beating the cephalic appendices move urine from one animal to another. Freshwater crayfish seem to recognize the status of the opponent in agonistic interactions, and apparently this recognition is measured by urine, which would play an important role in reducing aggression and the duration of fights (Zulandt Schneider et al., 2001) .
Touching with antennae was a behavior closely related to winners. According to Tierney et al. (2000) , the antennae of decapods are long structures with sensory and emitting functions, and in many species they are used in agonistic behavior. Possibly, the aeglids use touching with antennae to signal their aggressive intentions to the opponent, as one more indication of their propensity for combat.
Through this study, we defined an appropriate technique to keep and observe aeglids to carry out behavioral studies. The results showed that A. longirostri presents a series of highly defined acts. Many of these acts are similar to those described for chelate decapods. However, some peculiarities were recorded, such as when during the combats the aeglids were able to turn and climb onto the opponent. These acts may occur because of their body shape, which would make possible such behaviors. However, porcellanids also have dorsoventrally flattened bodies, and similar climbing behavior has not been recorded in this group (Molenock, 1976) . The behavior of climbing the opponent has been recorded in the crab Carcinus maenas (Linnaeus, 1758) (Sneddon et al., 1997) .
There is little information about the behavioral aspects of freshwater crustaceans in South America. This study is the first, not only in evaluating freshwater crustaceans, but mainly aeglids, a highly endemic group in this region. Many questions about the behavior of aeglids remain unanswered.
This study presents the first information about aggressive behavior in aeglids, and opens the way to broader questions regarding the freshwater invasion and the possible aspects of the animals' biology related to their aggression.
